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COMPLETE SPBCIFICAXION 
Impingement Type Mokhire Eliminator 

CORPORAITON. a 

corporation Of the state of Delaware, having 
t^^^J^^ ^ ^5 Park Avenue, Ne^ 
York, New York State, United States of 
Amen^ do hereby_declare . the. invention. 
f& wEich we pray that a patcmt may be 
gifted tD us, and the jsethod by wlddt it 13 

to be DCrfoFmfiH. fa Tkai^#*iiWf» j 
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10 oe pcfformfid, to be particularly described c.crfrm^ *—'«j«e ju ^tuss- 

iJi ajicfty thefoIlowing^SS:-! 1^^?^^ ^^^^T^ a tapemf x«»r 

_ The present invention is concernirf wTtti t.:? « ^ 



stream, thereby reducing the ^ciency of 
jg^^gj^^oval well bdow it* theoi^cal 

. According to the present xavcntioa. an 
amj^r^esm-t^Je moisture eB^fi^ "5ff 
yid«i haying a number of laterally spaced 
unprfngement rods each having in ^ss- 



15 



The present invention is concerned wtth 
the remoyal of water droplets ftom a stream 
ot moisture-laden air. Such removiil has beai 
effertcd by so-called moisture elinjinators. 
some of which rely upon cHenucal loethods 
and oAers of which xely upon mechanical 
mcuiods. The fomer suflfcr because of the 
need ro regenerate the chemical diving 
medium and also hck capacity, whilst Se 
ITO^ trad to mtroduce high pressure losses 
30 m the tor flow system. Such pressuie losses 
may, however, be reduced to a relatively Jow 
W9?ue m mechanical moistut^ elhninalois of 
tne so-caJled impingement ^ype where the 
water, droplets imiMnge ag^t a surface 
intended to reniove the dEopJels 
m>ni the ahr stream- Even with impmgemenl^ 
type moisture dimlnatois, however, the 
pressure losses ca« be so ^reat that they are 
not smtable for removing water droplets 
^ ftomahi^veloftty air stream, i,e. one having 
a speed greater than say 600 feet per minute! 
With some proposed impingement-type mois- 
ture eEmmaiors, for example, the surfaces 
employed to remove the dropi&t^ are pro- 
lad^on mcmbcn which would produce a 
• 5«nificant degree . of turbuJaxce if employed 
with a hi^ vdochy stream, with coja-^ 
sequential^ significant pressure losses. With 
oth^ gqpn8emgnt.type mofsture diminatora 
w « was oeen found that pressure losses in some 
instances resiilted from the foiroatiaa on the 
imping^ient surfaces of water droplets 
which Themselves cause turbulence. &ch 
d5 ^^^^^.'^f ^^.i^«>™tJieimph3gem^ 
45 surfaces ^ndttus reintroduced into the air 
IPrice 



— w** c«Mw. a usj^cxra r«Jr 

;;.irw P^^' ^ streamlaed shape, snd 
^J^m wvered wlth.a water^abWbe^t 55 
ttatenal for formmgAom water droplets in 
^m|mg moisturfrladen air an adherent 
^ ''^^i'l^^ by gravity fixra the 
rod^ By ae'*iTOnt"of arodismcanttiiat 

the mvention, the pressuie losses m^be 
to a d^My Jow and^tbe 
olnnfajator tiicieibre becomes suitable for 

losses of pressure are tiie result of n^k 
the rods stuMmlined and coveii^ thmn^ 

SS?!"^/^??^.^ TOter drophu have 
S^«f^ fef^ "^^^ th& material, 70 
^e UMrtenal becomes saturaied and covered 

towaMs iheiear of Iheit>d4bytheair 
pas^g €wsr them, whilst the influence of 

alonsaml offjie«Hl coverias*. 
llejraJer films oa the rod cove^ 

SmISI^T condition tbe stream- 80 

there viibvSeat boundary fajrer comdidauL 8S 
Moreover, the waterfiloresistetft^Sffi 

^rantrodnctiott of fl» WHter into^^ 

Sucam* 

As i^ou^ indicsrted. an esHmii)atw in AS 
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accordance with the mvcfttion finds particular 
utility wieA the air stttam has a high Vdodty, 
f<a example greater than 600 feet per miiiute, 
afid is thus useful in some cooling systems. 
HiiJierto* some cooling systems whidi have 
operated at air velocitiea below about 600 
feet per mimite have used cooling or xe&igpr- 
ator coils as collecdng surfaces for moisture 
oondeaised from ah" flowing thexcoYer. How- 
over* it is often desirable to vse air velociti» 
in excess of 600 feet per minute with such 
cooling systems, for example 3,000 feet per 
mimne, and at such high vdocitxes, oon- 
decsate tends to be torn ixom the cooling 
15 coils by the hi^ velocity air stream and ^ 
causes recessive moisture in the ventilatii^ 
or other system into which the cooled air is 
diitcted. This condition may be avoided by 
wiq>loying ^ impingement-^noistucedi- 
20 minator in accordance with the present 
inveaition with the coohng system. 

'Wheathediniixiatorisj&iisejtisprefcrrea 
to dispose it so that the rods are axxanged 
vertically so that gravity acts most effidently 
25 to drain the water film. 

Pttfetably the rods arc arrajigcd m tom«, 
oEue row hehmd the other, and the rods in 
t ^i^ row- are preferably staggered with 
respect to the rods of the adjacent row or 
30 rows. With such a construction, the rods of 
the front row may he made wider than the 
lods of the other rows, and may be made 
xnore numerous than the rods of each of the 
other rows, With such an arrangement, the 
35 largest water droplets are captured by rods 
in the ftont row, whilst thfi subsequent rows 
catch the smalica- water droplets. 

In one preferred embodimait of thd m- 
vention, tto watCT-Absorbcnt material is an 
absorbent doth material An important 
chatactEristic of this material i? its abih^ 
to absorb qidddy drops projected agamst it 
by MA speed air flow. Such absofbep^y or 
vrettalixlity results in ranid saturation of the 
45 doth and in the formation of the water fihn. 
vMcSx adhexes strongly to the material and 
• resists shearing effects of the. high velocity 

• airflow. ^ . ^ ^ 

An eliminator accordmg to the mventlon 
50 will now be described, by way of exa^le, 
-with reference to the accompanying draw- 
ing in which:— , 

e 1 is a perspecuve view» partially 



40 



70 



75 



80 
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air flbw velocities compared to that of 
another moisture eliminator not in accord* 
anoe with the invention: and 

Figure 6 is a graph depicting for the 
purpose of comparison the pressure dif- 
ferCTtial across a moisture elimniator accord- 
ing to the invention * and across another 
impingement type elimmaior (not in accord- 
ance with the inyantion) k} various air flow 
velocities. * * 

Rcfening to Figure 1, A-.cooHng or re- 
frigeration unit* indicated genepaDjr by resfitr- 
ence numeral 10 incorporates cooling coils 
and baffles 11 in suitable supporting struc- 
ture. Hie unit 10 is designed to mtrodua 
lelalivdy low pressure losses in a high 
velocity air flow sj^tem- 

At me outtet side of the refiigeraaon umt 
10 is located an fanphxsement type moisture 
diniinator 12 in accordance with the m- 
v^on, A three^'ded sheet metal housing 
13 and a collecting diamber 14 confine and 
^iTCl the high vdodxy air flowing from th^ 
cooling unit 10 into imwngement with a 
number of vertical, laterally spaced stream- 90 
lined impingement rods 15 with waters 
absorbent coverings 16, and arranged in 
three rows, one behind the other, wim thdr 
upper ends fastened to the housing 13. 
T^Sr ods in the first or firom row, the second 
row and the tWM row are staggered to locate, 
in this instance, the second tow nodt intei^ 
mediate the first row rods and the third row 
rods intetntediate the second row roda. 
' The lower ends of the implngBmnxt rods lOO 
15 eoocnd throu^ the ohasihac 14 into 
attadanent with supports 17 fJastened across . 
a collectmg floor 18. A tube 19 is connecied 
to an opening in the bottom of the chamber 
14to drain the chamber 14. 105 

Rod deevBS 20 have their low» edges 
joined to the rods 15 and flare outwardly into 
an attachment with the edges of «P^J^ 21 
in the roof of the chamber 14. Prcfoably 
the sleeve 20 is formed of an absorbent 110 
inatcria], such as cotton widt doth, which 
xeadily saturates and permhs the passage of 
^(rater therethrough while isolating the diam- 
ber 14 fitmi the high velocity air stream 
flowing through the elhninator 12. 115 

The cross section <^ the rods 15 consists 
of a rounded front and a tapered rear,_ the 
front beihs in the form of a j»rt*circJa 
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Kcure 1 is a perspecuve view» paruauy *™jv «a«B rtZ.- ^ 



55 ^stamincoiporatinsthisdnxunator; 

FiguxB 2 is a cross section of one of^ 
streamKned impingement rods of the ehm- 
inator; 

Hsures 3 and 4 ilhxstrato drngram- 
60 maricaHy the way in which the water dra^ 
away undisr two different conditions fsom tixe 

^^^^SU^ graf^ showing the effidency 
of moisturo collection of one eliminator in 
65 accordance with the invention and various 



Stodiiig itaiwardly to intersect ai thel20 
trailmg edge, as shown m detail in Figure 2. 
Sudi a configuration provides a idatrvejy 
large target area for the moisture partides 
entrained in the high velocity air while intio- 
diKdng muiimal pressure losses into thel25 
systm. . , 

As already impKed, it is as a general lule 
the case that for greyest molstnie collection 
^EBdency the width of the firont or leading 
edge of the streainlined rods is increased as 130 
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the sizo of the moisture droplets in the air thereover to reoitrain it in the air stream, 
stream become larger, and such increased Since the water $lm is unLaterrupted by 
width resultai in greater preasiire looses. For droptets, a laminar flow boundary layer is 
example, if relatively lai^ water droplets fonued on the streamlined reds 15. More* 
5 must be captaied the rod \^ridth results in over, due to its pliability the water fihn con- 70 
greater pressure losses. For e;cainple, if tributes to laminar flow conditions by con- 
relatively la;:ge w^ter droplets must be cap- fonnins to the best possible sud^ con- 
tuxed the rod width is increased until optimum fl£:uration for suoh flow along tho streaxolined 
collection efliciency is achieved or the pressure rods. 
10 losses introduced by the nnit become ob- mechanism of water draina^ along 75 
jectionablfi. On the other hand, if only small one of the rods 15 at low ajid high vl^odties 
water drojjlets an: to be encountered^ the of air flow in the direction shown by th« 
rod width is reduced to capture small dioi> arrows is indicated by diagrajnmatic flow 
lets with ih^ best possible ^6mcy and the patterns in Figures 3 and 4, respectively. The 
15 number of rods increased Ijy decreasing the water fihn oath© rod 15 drains in those flow 80 
spacing therebetween tmta the resulting patterns as a result of gravity, the viscous or 
pressure losses reach an objectionable value, shear characteristics of water* the statis and 
Of course any eonflgumtfon $tileoted should dyn^e px6$9oi99 of tho flow iirgins tho 
mameam air flow thereover with a mini- water flhn against the absorbent covering. 
20 iniun of turbulence to restrict pressure losses, adhesive forces holdhag tbe water to the S5 
if a mixture of laige and small water absorbent cov^ing, and the viscous or sheer 
droplets ninst be removed &om a high chanictedstics of & air. Since the influence 
\elodty air flow, the first or front row of of gravi^r is lelativciy greater at low air 
. rods 15 may be of itiatively large cross velodtiesonthcorderof 500 feet per minute, 
* 23"sixfon to capture the larger droplets, and for examirfo, the water moves downwardly 90 
succeedlngxows may indude greater nnmbers at a relativeit/ sharp an^e in Figure 3 to 
of smaller cross section rods to collect the provide drainage at the rod bottom irom a 
smaller water droplets efficiently, Thus, any substantial area on the rod, shown Eghdy 
dcsh'cd number of rows of diff^cntly sizied shaded in Figure 3. In contrast only a sm^ 
30 and spaced rods may be used in accddance azca of the rod of Figure 4 subjected to air 95 
with the size of the droplets that must be flowingontheorder of 1500 feet per tnintitet 
jemorved from a high vdocity air stream. for exaniple, is drained in this manner. 

The ooverings 16 of the sireainGned rods Water flim frdm the unshaded areas is 

15 arc formed of a material quickly absorbing swept along the rod and held on its tzailing 

35 water droplets striking the rods. It should be edgs^ as rt drains under the influence of 100 

noted that certain mateiials oidinaiily con- gravity, by the stadc pressure, and the co« 

sidered to be water absorbent do not meet the hesive and adhesive forces acdng thereon, 

requireinents of theinvendon in that they£ul agamst the air flow ah^ forces. In other 

to absorb discrete waxser droplets impinging wardSj IT the static pressure pins the cohesive 

40 thereon by bombardment, hi other words* and adhesive foroes are' great enonsh to 105 

the covezin^ 16 of the rods must saturate oviercoroe the sh^i^Jing force on tiie water at 

readily afler being bombarded by the db- fiie trailing edge, the flhn will drain down- 

Crete water droplets and provide therecoi a wardly. It should be noted that the stream- 

strongty adherent water flhn. One surface lined shape of the rod 15 nmimizcs turbulence 

45 meeting those requirements consist of a in the traiHng edge rc^on to assist in drainage 110 

&bric covering of a cotton muslin of the of the water film. • 

weave type having a wei^ of five ounces An exeo^ilaiy moisture eliminator in 

per square yard The doth may b© secured accordance with the present invention was 

to the rods 15 in any desired manner such as constructed of tlunee rows of fourteen vertical 

SO by giuhis. stapling cr through the use of rods 12 inches long and formed with i inch 115 

two'-suzfaoed pressure sensitive tape. • diameter -circular leading edge flroxa v^^uch 

Diaper ma&eExal ako Biay be iised to form extended taiment surfaces fntarsectrng at a 

the rod absorbent coverins^ 16. Still another point Ij} inc^ flront the leading ed^. The 

usefbl doth is an untreated heszin^Knid rods hi c»ch row were spaced finches aoart 

55 cotton oflen used as wide matecial. far ex- neasuied fh>m centre line- to centre nne> 120 

an^tep in wet bulb thermometers. A water and the spacing between rows was two zaches 

absorbent flocked covering that will become measnred team leading edge to leading edge, 

saturated when bombarded by water dro|)lets The rows of rods were staggered, as shown-In 

and provide a water flhn may also be utilittd. Figure I« with tha xods in each succeeding 

60 To cladfy the invesition it should be under- row positioned intezmediate the rods of the 125 

stood that the absorbent rod covexiag 16 rowin&ontv 

becomes saturated when bombarded by An untreated cotton musHn of the weave 

moisture parddes or droplets and fozms such type weighing Ave ounces per square yard was 

droplets mto an adherent water fllm resisting iised to cover each rod. The moisture e^ 

65 the tendency of the hig^\tlodty air flowing mmatorwas thmiposititMiedhianairstiBaniiW 
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of var^ble velocity with suitaWe instru- reentiaijiBd in the air flow. Such accu- 
jncntation to deterraine mciaore coJleclion mulated water droplets intcirupted iht 
emckncy from the air 'and the pressure streamlined shape of the rods and disturbed 

differential thftreaoross. the laminar flow boundary' layer catising 
5 The gra^ of Hgure 5 shows moisture ttirbulence and eddying which resulted In 70 
collectian cmaoicy in percent plotted (along greater pressure losses, 

the vertical axis) against air flow velocity in Other tests cojiducted with impin^ent 

feet per aninutc (along the horironlal axis), type moisture eliminaton sho^^ed moisture 
Curve a indicates a collection eSidency of coHectlon effici^cies bdow and pressure 

10 about 99% at 600 feet per minutes declining losses above those achieved by the inventiw 75 

to an cflSciency about 96% at I50O Ifeel eaimmator. In one test in which a coa- 

per nunut^ figaratton induded a separate series of de- 

Figure 0 shows a plot of pressure dif- flcctor rods positioned m front of smooth 

feremial In Inches HaO (vertical axis) against non-ahaorbent strcamfined rods, althoi^ 

IS air velodty in feet per minute (horizontal the moisture collection efficiency character- 8D 

axis). Curved indicates that at a flow of 600 istics approached those of the inventive 

feet per minute there was a pressure dif. eiliniinator the pressure Josses were greatly 

ferftalial of .105 indies H4O across the unit increased to more than double those intro- 

and at 1500 feet velocity a pressure drop of duced by the inventive eliminator. 

20 about .345 rachcs H.O. It will be evident that various absorbent 85 

To dem(mstrate cleaiiy the advantageous coverings other than those particularly 

characteristics of the present invejiiion, an spedfied herein mny be used to provide a 

irapingeiuent type moisture eUminator not thin water film unintcmqjted by drofdets in 

utiBzing the principles of the present in- response to bambardmcnt by high velocity 

25 vmtion was tested under the same air flow moisture droplets in an air strtam. In that 90 

conditions and the results also displayed in regard, aH absorbent materials for suii^cing 

Hgttres 5 aud 6 by curves c and rf. The the impingement ipds referred to herein and 

eltminator tested was identical to the contemirfated by the invention have in com* 

mventire eSinunatof described except diat mon the di;ar8CCeristics of absorbing and 

30 the rods had smooth unahsorbcnt surfaces becoming saturated by bombarding water 95 

in contrast to the absorbent coverings on droplets to foim a water film qmddy over 

the rods 15, the entire sufkoe of the matedal. 

Keienlns to Figure 5, in which curve r Moreover* the sazes of the moisture 

indicates a sigmiicantly low^ moisture collecting imph^gament elements are chosen 

35 collection efficiency for the comparison talcing into account such factors as the air 100 

diiidnatoA at 600 feet per minme about 95 % flow velocities, the amount of moisture and 

efficiency was achieved which dropped to the size of the water droplets that must be 

about 36 % ^ 1500 ftct per minute. Rdertins removed Forexamf^e^ onesize of rodpresent- 

next to Rgure 6, curve d indicates that the mgz greater target area to the air stream to 

40 pressure losses introduced by the ehminator jmnove ferger entrained droplets efficiemly 105 

jacking an absorbent surface are substanh'ally may be used in one row, even though it 

higgler, bemg about J 8 inches Hfi at an air introduces somewhat greater pressure losses, 

fiowve2ocFtyc^600fbetpermimiteandahout while other sizes of rod presenting smaller 

,61 mcheal^atanalrvdochy of ISOOito target areas to coS^ smaller droplets more 

45 permmirte. ^ ^ efBcieatly may be used in succeedmg rows. 110 

It win be noted that at an airflow velocity Moreover* the size and spacing of indii^ual 

of I500fbetpermittUt^tbeabsQrbentsuzface rods in each row* the spacing and amount of 

rods 15 with the covoings 16 show a 10% staggetn^ between rows;, and the number of 

improvement in moisture colleetion efficiency rows, must also be considexed In comiection 

50 over normally surfaced streamlined rods, with the requirements of any particular air 115 

Moreover, the pressure differential for the flow system from which moisture is to be 

absOTbcnt surface rods was between 40 % and removed. 

45% less than that for the conventional rods, WHAT WE CLAIM IS>- 

The Increased efiScieocy and decreased 1. An impingement-type moisture elimi- 

55 pressure losses attained with the inventive nator haviivg a number of laterally spaced 120 

jmpingement type moisture eUminator ap- imjnngement rods each having in cross- 

parently result from the formation of a section a rounded front and a tapered rear 

water film on the streamlined impingement so as to present a streamlined shape* and each 

elements unlmerrupted by water droplets being covered with a water-absorbent mateiial 

60 which tend to create tujbule7U» and to siiear for fonniug from wat^ droplets in impinging 125 

off into the air system. In cogatrast the water moistureJadcn air an adherent film of water 

deposited on the smooth non-absorbent for diaining by gravity from the iyxL 

surfabes of priojr impinsement elhmnators 2. An eliminator according to daim bi 

farmed droplets whidi, when subjected to which the rods are disposed vertically. 

65 the 1b0i velocity azr« were torn off and 3. An elnninator accordiAg to claim 1 or 130 
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ddm 2, in which tlie rods arc arranged in 
row$t one row behind the other and in which 
the rods in each row are staggered with respect 
to the rods of the adjacent row or rows. 
5 4. An eliminator according to daim 3, in 
which the rods of the i^ont row are wider 
than thfi rodi of the other rows and m 
more numerous than the rods of each of the 
other rows. 

10 5. An eUminator according to any of the 
previoos daixns, in which the water-absorbcnt 
material is an absorbent cloth matedal. 

6. An dUoinator according to any of the 
previous claims, in which an opening is 

15 provided for the removal of drained Tfc^afcr. 

7. A method of removing water droplets 
from a stream of moisture-laden air in which 
ihib stream of air is made to xmpingc on a 
nunb«r of laterally spaced rods each having 

20 in cross-sectioA a rounded iront, wlucb the 



ajr reaches first, and a tapered rear so that 
the rods preset streamlined shapes, the rods 
being covered with water absorbent material 
which forms from the water droplets an 
adh^ent water fihn which drains ^om the 25 
rods by gravity. 

8. A method according to daim 7, in 
which the air stream has a velocity in excess 
of 600 feet per minute. 

9. An eliminator according to daiax 30 
substamiaUy as described with refercaice to 
Hgores X and 2 of the accompanying draw- 
ings, 

10. A method according to daim 7, sub- 
stantially as described. 35 

For the Applicants: — 
GILL, JENNINGS & JEVERY, 
Chartered Patent Agents, 
51/52 Chancery Lane» 
London, W.C.2. 
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